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@ Method and apparatus for coating. 

@ A method for providing a coating on the exterior surfaces of a plurality of elongate menfibers. such as 
wires (12). Includes posftloning them 8ut>8tantially parallel to each other, coating the exterior surfaces 
of each member with a coating, removing any excess coating from desired portions of each member 
and curing the coating to adhere ttie coating to each memt>er (12). Preferably the coating Is used to 
adhere adjacent memt^ers (12) together to form a continuous band and then tills t>and is used to form 
staples or naQs. 
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This invention relates generally to coating and more particularly to a method and apparatus for providing 
a continuous in line process for coating elongate members used for mass producing coated fasteners, such 
as staples or nails, arranged In a strip or block for ease of handling and packaging as well as loading into a 
driving tool, A coating Is utilised which is composed of 100% dry solids, is virtually free of solvent emissions 
5 When applied and during curing and covers substantially the entire exterior surface of each festener. The coat- 
ing protects the fastener against conrosion, adheres successive fasteners together into a strip or block and 
provides Improved retention of the fastener when driven into a desired surface. 

Coating the exterior surfaces of fasteners frequently Is desirable to protect fasteners from corrosion. Such 
coatings also are utilised to adhere a plurality of fasteners together Into a etrip or block for ease of handling 
10 with fastener driving or dispensing devices, such as a staple gun, nail gun or the like. 

For example, wire staples or nails frequently are provided successively arranged and secured In a strip. 
Each strip contains a desired number of staples or nails which are adhered together by the coating and enable 
easy Insertion of the strip within a magazine of a staple or nail gun. 

The coating holds the fasteners together in a strip yet ts thin enough to enable Insertion of the fasteners 
IS within the staple or nail gun and allow for separation of the Indh^dual fasteners from the strip upon firing of 
the gun. Such coatings typically are composed of a nitro-cellulose resin dissolved In an organic solvent which 
is applied to the fasteners. After the solvent is evaporated, the coating remains adhered to the fastener. During 
solvent evaporation, the coating can be utilised to adhere successive fasteners into a strip. An example of such 
a coating and process ts illustrated in U.S. Patent No. 3,813,965. 
20 Upon evaporation of the solvent in such coatings, however, a large amount of undesirable volatile com- 

pounds are emitted. To conform to existing government regulations, the emitted volatile compounds must be 
contained and properly disposed which adds significant costs to the process. 

Additionally, In that patent the Individual fasteners first are formed Into their desired shapes before coating 
and adhering them together into strips. This procedure makes it difficult to handle the Individual fasteners and 
25 arrange them as required for processing. 

It therefore would be desirable to provide a method using a coating composed of 100% dry solids and is 
virtually free of soh^ent emissions when applied and during curing where substantially the entire exterior sur- 
face of each fastener is provided with the coating. 

According to this invention, a method of providing a coating on the surfaces of a plurality of elongate mem- 
30 bare comprises the steps of: 

(a) providing a plurality of elongate membere positioned substantially In parallel engagement with each 
other; 

(b) coating the exterior surfoces of each elongate member with a coating composed substantially of eolids; 
(0) removing any excess coating from desired porttons of each elongate member; and 
(d) curing said coating to adhere saki coating to said elongate member, said curing including rapid heating 
and rapid cooling of said elongate membere and said coating. 

The method Is parttoularly useful to provide such a coating on a plurality of continuous wires which are 
formed into fastenere, such as staples or nails, after curing. When so utilised, the coating additionally f unctfons 
to adhere successive wires together so that a strip or block of wires are provided which Is easier to form the 
wires Into fastenere, package f6r shipping and storage and load into a driving tool or gun. 

Additionally, in order to reduce the shear strength of the coating for easy separatton when fastenere are 
provided in a strip or block, specific heating and cooling times and temperatures are used In curing the coating 
Such a decrease in shear strength also Increases the holding power of the fosteneror the corroston resistance 
capabilities of the coating. 

Particular examples of a method in accordance with this inventton will now be described with reference to 
the accompanying drawings, in whlch:- 

Flgure 1 is a schematic view generally illustrating the process and apparatus of the present inventton; 
Figure 2 is a perapecth^e view of wiree being coated; 

Figure 3 Is a cross sectional view of a portion of a strip of wires adhered together by the process of Figure 

so 1; 

Rgure 4 is an enlarged cross sectional view of a single wire after being removed from the strip of Flaure 
3 illustrating the coating thereon; 

Figure 5 Is a front elevational view of a roller assembly which can be utilised with the assembly of the pres- 
ent Invention; 

« Rgure 6 Is a side elevational view of the roller assembly of Rgure 5; 

Rgure 7 Is a cross secttonal view of the wire wiper rollere of the present Inventton; 

Figure 8 is a perspective view. In partial section, of the wire wiper rollere of Figure 7; 

Figure 9 Is a schematic view generally illustrating another embodiment of the process and apparatus of 
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the present Invention; 

Figure 10 is an enlarged perspective view In partial section of the wire separating rollers of the present 
Invention; 

Figure 11 Is an enlarged elevational view of the wire separating rollers taken along line 11 - 11 of Figure 
5 10; 

Figure 12 Is a perspective view of the separated wires being coated; 

Figure 1 3 is a side elevational view of the wire merging rollers of the present invention; 

Figure 14 Is an enlarged view of the coating of the invention between two fasteners illustrating the voids 

within the coating which provide the reduced shear strength of the invention; and 
10 Figure 1 5 Is an enlarged view of a listener of the Invention after being sheared from an attached fastener 

illustrating the coverage of the coating that maintains resistance against corrosion and increased holding 

power and the now broken voids of the coating which provide reduce shear strength. 

Refenrlng to Figure 1 . the apparatus utilised to perform the method of the Invention is designated generally 
by the reference numeral 10. The method substantially Includes the following steps. 
15 A continuous supply of a plurality of wire strands 12 is provided from etock. the wire 12 typically being 
wound on rolls (not illustrated). The wires 12 are arranged in successive side by side parallel engagement and 
are fed to a coating booth 14. While moving through the coating booth 14, the exterior surfaces of each wire 
12 are provided with a 100% dry solids powder coating which preferably is e powder coating provided elec- 
trostatically as described below. 
20 Upon exiting the coating booth 14. top and bottom surfaces of the wires 12 are scraped or wiped by a set 

of wiping rollere 16 which remove excess coating from those surfeces while maintaining a thin coating on the 
top and bottom surfaces of the wires 12. The wiping rollere 1 6 also compact the powder coating between the 
parallel wires 12, as Figure 3 Illustrates, for reasons described herein-after. 

After wiping, the wires 12 are conveyed for curing which preferably Includes heating In an oven 18 and 
26 subsequent cooling In a cooling chamber 20 or the like. The curing depends upon the type of coating utilised 
and can vary. Preferably, the curing enables the coating to flow about the exterior surface of the wires 12. 
adhere the coating to the wires 12 and adhere the wires 12 together Into a continuous band. Figure 3 Illustrates 
a band of wires 12 adhered together by the present process. 

Following curing, the adhered band of wires 12 to shaped Into a desired form by a fonmlng machine 22, 
30 which typically includes cutting and bending, to provide a atrip of fastenera, such as staples or nails. As Figure 
4 Illustrates, after a fastener Is removed from the strip the majority of coating Is concentrated on Its cornere. 
A thin layer of coating remains on the top and bottom surfaces as well as the arcuate side surfaces. 

The coating can be a powder coating, a U.V. cured coating or a water t)a8ed coating. Preferably, a powder 
coating le utilised which can be polyester, polyethylene, nylon, epoxy or other material so long as it functions 
35 as descrit>ed herein. 

The t>est results have been obtained with a polyester/ amkle based powder coating. An example of such 
a coating is described In co-pending European Patent Application published as EP-A- 
(Attorne/s reference 80/4905/02, claiming priority from U.S.S.N. 08/116,758). 

That polyester powder coating Is composed of 100% dry eolids. Is applied electrostatically and Is cured 
40 by heating and subsequent cooling. It is to be underetood, however, that the particular coating as well as Its 
application and curing can vary so long as the desired results are obtained, including virtually eliminating the 
production of hanmful volatile compounds during any stage of the process. 

The above descritied process is accomplished In a continuous in line operation where the wires 12 are 
advanced at a constant pre-deteonlned speed and tension provided by one or more drive motors (not iilustrat- 
46 ed). The speed and tension of the wires 12 readily can be adjusted to accommodate different types and sizes 
of wires 12, different coatings, or both. 

Detalle of the structure of the apparatus 10 utilised for carrying out the process of the invention now will 
be provMed. 

As Figure 1 illustrates, a plurality of wires 12 preferably are fed from rolls of stock in successive side by 
80 elde engagement to the coating booth 14 Illustrated in detail in Figure 2. The wires 12 preferably are made of 
a conductive metal and are somewhat oval In cross sectional configuration to provide substantially flat top and 
bottom surfaces and arcuate opposite sides as Illustrated In Figure 3 and 4. The particular material, shape 
and size of the wires 12, however, can vary. 

In the coating booth 14 the wires 12 are coated with a powder coating composed of 100% dry sdMs. As 
58 mentioned above, the powder coating preferably Is applied using an electrostatic process where powder par- 
ticles are electrostatically charged ae they exit spray guns 24, one each on the top and bottom of the coating 
booth 14 as Illustrated in Figure 1. The number, position and type of spray guns 24, however, can vary. 
As the charged particles exit the spray guns 24, they form a particle doud ion field 26 through which the 
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grounded wires 12 are passed. The charged powder particles stick to the exposed surfaces of the grounded 
wires 12 which then are conveyed for further processing. Grounding of the wires 1 2 Is provided by contact of 
the wires 1 2 with metal supports (not Illustrated) positioned at either end of the apparatus 1 0, or by some other 
means. 

5 In order to remove any excess powder coating from the top and bottom surfaces of the wires 1 2 and provide 

a predetermined unlfonm coating thereon, a pair of wiping or scraping rollers 16 are provided which are Illu- 
strated in detail In Rgures 7 and 8. The wiping rollers 16 preferably are driven by one or more motors (not il- 
lustrated) and are rotated In a direction opposite to the direction of travel of the wires 12. Alternatively, the 
wiping rollers 16 can be replaced with some other structure so long as the desired wiping Is provided. 

10 As Figure 7 illustrates, each wiping roller 1 6 preferably Includes a substantially solid core member 28 and 

an outer softer sleeve member 20. Preferably, the core 28 is made of metal and the sleeve 30 is made of ur- 
ethane, but the particular materials can vary, including providing solid metal rollers 16, so long as the wiping 
rollere 1 6f unction as described herein. In operation, the wiping rollere 16function to maintain a desired amount 
of coating on the top and bottom surfaces of the wires 12 and to direct coating Into recesses between the cor- 

15 nereof the wires 12. 

It is to be noted that the position of the wiping rollers 16 and their reverae direction of rotation does not 
diminish the speed of the wires 12. The wiping rollere 16 enhance compacting the powder coating between 
wires 12 and do not remove all of the coating from the flat top and lK>ttom surfaces of the wires 12. The rollers 
16 only remove excess coating to provide a finished outside perimeter of the wire 12 which readily and con- 

20 alstantly can be accepted by a magazine and bore of a driving tool without Jamming. The position of the wiping 
rollere 16 can be adjusted to vary the thickness of the coating on the wires 12. 

To remove any accumulation of excess powder coating from the wiping rollere 16, each wiping roller 16 
can Include a scraper blade 32 and one or more vacuum heads 34. The scraper blades 32 scrape excess coat- 
ing from the surface of the sleeves 30 and the vacuum heads 34 convey the excess coating through a hose 

25 36 for re-cydlng. Alternatively, air Jets (not illustrated) can be utilised In place of the scraper blades 32 and 
vacuum heads 34 to blow excess coating from the wiping rollere 16 Into a recovery container or system. 

Rather than being fixed with respect to the wiping rollers 16, the scraper blades 32 and vacuum heads 34 
are mounted for automatic adjustment on a support 38. The support 38 functions similar to an MIer assembly 
to accommodate any changes In diantater of the wiping rollere 16. 

30 Preferably, as Figure 8 Illustrates, each support 38 includes an elongate bar 40 which spans a respectlva 

wiping roller 16, Is mounted on opposite ends for angular adjustment with respect to the wiper roller 16 and 
mounts t>oth the scraper blade 32 and the vacuum heads 34. To take up slack or reduce pressure between 
the scraper blades 32 and the wiping rollere 16, a weight 42 Is mounted to the bar 40 through an anm assembly 
44 and preferably Is regulated by a spring 46. 

38 The spring 46 simply can be attached to the weight 42, as Illustrated with the top wiping roOer 16, or can 

be provided for engagement with a portion of the arm assembly 44, as Illustrated with the bottom wiping roller 
16. Alternath^ely, the spring 48 can be eliminated. 

As Figure 7 Illustrates, the weight 42 relies on the force of the spring 46 and/or gravity to provide the en- 
gagement force between the scraper blade 32 and wiping rollere 1 6 which can be adjusted by proper positioning 

40 of the weight 42 on the arm assembly 44. It Is to be understood, however, that any type of assembly can be 
utilised to adjust the wiper rollere 16 during use without departing from the teachings of the present Invention, 
Including any type of automatic control system. 

As Figure 1 lllustratas. after the wires 1 2 have passed through the wiper rollere 16, they are conveyed fbr 
curing, preferably In an oven 18, such as an infra-red oven. Due to the composition of the powder coating, 

46 heating of the coated wires 12 in the oven 18 to a des^d temperature enables the coating to flow about the 
exterior surfeces of the wires 12 to ensure substantially complete coverage and adheston upon cooling. 

It is to be noted that the coating Is virtually free of solvent emisstons during applteatlon, curing and any 
other part of the process. This Is highly desirable In view of the ever Increasing government restrictions against 
the release of volatile compounds into the atmosphere. It has been determined that emissions of the present 

so process are approximately 1%, with 98% of that amount being moisture. 

After heating, the wires 12 are conveyed Into the cooling chamber 20 where they preferably are water 
cooled, but curing with air or any other gas can be provided. When the wires 12 are sufficiently cooled, the 
coating hardens and the wires 12, which are arranged substantially parallel In successWe side by side engage- 
ment are adhered together laterally by the coating alone to fonm a continuous band of wires as Illustrated In 

w Figure 3. Preferably, the number of wires 12 included In the band Is between 50 to 100 and depends only on 
the size desired for the finished band. 

The band of adhered wires 12 then Is conveyed for forming Into a desired strip or block of adhered totenere 
by some type of forming machine 22. Preferably, the band is formed to provide a atrip of staples for Insertion 
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Into a staple gun (not illustrated). Accordingly, the band of wires 1 2 first is cut laterally to form a strip of adhered 
wire segments. The strip then Is bent proximate the exposed edge of opposite ends of each wire 12 to form 
the legs of the staples. The strip of staples then are conveyed for packing. Due to the strong adhesion provided 
by the coating, wires 12 typically are not split from the band during cutting or bending. 
5 Alternatively, the band of adhered wires 1 2 can be formed to provide a strip or nails or the like for Insertion 

Into a power nail gun (not Illustrated). Accordingly, the band of wires 12 first is cut laterally to form a strip of 
adhered wire segments. The strip then can be formed at opposite ends of each segment to form a point and 
a head. 

In order to initially position the wires 12 in side by side engagement before coating a "glue block" or die 
10 can be utilised. Alternath^ely, as Figures 5 and 6 Illustrate, a roller assembly 48 can be positioned prior to the 
coating booth 14. The roller assembly 48 preferably Is a quad-roll assembly Including two vertical rollers 50 
and two horizontal rollers 52 which rotate in the direction of travel of the wires 1 2. The roller assembly 48 pos- 
itions the wires 12 as desired and enables transport of the wires 12 from stock to the coating booth 14. 

The particular mounting structure of the rollers 50 and 52 can vary so long as the rollers 50 and 52 are 
15 positioned to provide a channel 54 through which the wires 12 extend, the channel 54 being defined by the 
rollers 50 and 52. Preferably, the rollers 50 and 52 are adjustable and spring loaded with a pre-determlned 
variable tension except for a bottom horizontal roller 52a, which rotates but Is f bced in position. 

Figures 9 to 13 illustrate another embodiment of the method and apparatus of the invention where similar 
elements are Identified by the same reference numerals, in this embodiment, a pair of wire separator rollers 
20 54 are positioned before the coating booth 14 and a pair of wire merging rollers 56 are positioned after the 
coating tooth 1 4. As Figures 1 0 to 1 2 Illustrate, the separating rollers 54 separate the wires 1 2 to enable coating 
of the entire exterior surfaces of the wires 12. 

The separator rollers 54 are formed as two stepped, free rolling Intor-dlglteted rollers which are driven by 
one or more drive motors (not illustrated) in the same directton as the direction of travel of the wires 12 and 

29 preferably are formed from metal. The rollers 54 assist in pulling the wires 12 from the rolls and advancing the 
wires 12 to the coating t>ooth 14 and separate the wires 12 into pre-determined positions to expose all sides 
of the wires 12 to allow full encapsulation thereof during coating. 

As Figure 11 illustrates, each roller 54 includes a plurality of annular lands 58 and corresponding annular 
grooves 60 formed about their peripheries. To separate the wires 1 2, the rollers 54 are posittoned in a steggered 

30 relationship with respect to each other and are inter-dlgiteted so that lands 58 of each roller 54 seat within cor- 
responding grooves 60 of the opposite roller. 

It is to be noted, however, that the lands 58 do not extend to the bottom of each groove 60 but provide a 
small pocket 62 within which each wire 12 Is positioned. Due to the close tolerances between the wires 12 and 
pockets 62, the rollers 54 can exert a slight pull on the wires 12 without causing damage thereto. 
98 The separator rollers 54 separate the wires 12 In both a horizontal and a vertical direction with respect to 

Figure 11 regardless of how the wires 12 are fed into the separator rollers 54. This separating of the wires 12 
provides a substentlal amount of free space about the periphery of each wire 12 to enable coating about the 
entire periphery of each wire 12. 

In order to form the wires 12 Into a strip or block, the wires 12 preferably are collated or merged back to- 
40 gather after coating to form a band of wires 1 2 whk:h is accomplished by the merging rollers 56. As Figure 13 
illustrates, the merging rollers 56 preferably are substantially Identical metal rollers having smooth surfaces 
where one is positioned above the wires 12 and one below the wires 12. 

The merging rollers 56 are driven in the same direction as the direction of travel of the wires 12 by one or 
more drive motors (not Illustrated). Addltionally, to provide tension and driving of the wires 12, the merging roQ- 
49 ers 58 are positioned so that the vertical gap between the rollers 12 substantially corresponds to the thickness 
of the wires 12. The speed of the merging rollers 56 as well as the tension they provide readily can be adjusted. 

During uee, the merging rollers 56 also can accumulate excess coating on their surfaces. To remove such 
accumulation, each merging roller 56 Indudee a ecraper blade 64 and a vacuum head 66, similar to those of 
the wiping rollers 1 6. The blade 64 and vacuum head 68, however, are fixed with respect to the merging rollers 
80 56. Alternatively, air Jets (not Illustrated) can be utillaed in place of the vacuum heads 66 to blow excess coating 
from the merging rollers 56 into a recovery container. 

Figures 14 and 1 5 depict the coating applied to wires 12 by another method of the present Invention. Figure 
14 specifically Illustrates In substantially lighter colour two wires, one each poslttoned along the top and bottom 
horizontal edges with a dark horizontal strip there-between which is the coating Joining the wires together. Fig- 
88 ure 15 Illustrates a single wire ssparatod from a strip of wires with the coating thereon. 

in this embodiment, the coating on the wires 12 Is applied by precisely controlling the curing and cooling 
in the oven 18 and cooling chamber 20, respectively. Specif toally, as Figure 14 Illustrates, by quk:kly heating 
and quiddy cooling the coated wires 12, voids, Illustrated as random white shapes, are created In the dark 
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horizontal coating layer. 

Such voids are randomly positioned and sized and ars created by the water vapour by-products of the re- 
action which are frozen" within ttie coating during rapid cooling. Failure to provide such rapid heating and cod- 
ing results In the coating continuing to flow filling up the voids and thus rendering a more solid coating. 

Such voids have become important in shearing of the wires or staples in a tool. Without the voids, the coat- 
ing Is very strong in shear which requires a tool that provides high shear force. With the voids, the shear 
strength Is reduced to acceptable limits while increasing the pull out strength of the fasteners during use. 

As an example, tests have concluded that heating the wires 12 and coating to a temperature of between 
550* and 650*'F (293 and 349*»C) within 6 to 12 seconds and then immediately following such heating with a 
water quench for 1 to 2 seconds with the water preferably maintained at a temperature of about 70**F (21**C) 
and forming the wire into a staple provides the following results: 

A. HOLDiNQ POWER IN SPF WOOD (Lbs/In) 



With rapid heating and water quenching 
Without rapid heating and water quenching 



228 ♦/- 41 (4.07 ± 0.7 kg/mm) 
195 »/- 49 (3,48 i: 0.9 kg/mm) 



20 



26 



30 



B. SHEAR STRENGTH ilhs) 



With rapid heating and water quenching 
Without rapid heating and water quenching 



49+/- 13 (22 ±6 kg) 
122 H' 21 (55 ± 10 kg). 



It is to be noted that the above results can vary substantially between tests, primarily because of the dif- 
ferences of the wood sample being utilised. For example, factors such as the age, moisture content and grain, 
among other factoiB. significantly can affect the test data. The ratios between rapid heating/cooling and normal 
heating/cooling, however, should remain substantially the same so long as the same piece of test wood is being 
utilised. 
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. A method of providing a coating on the surfaces of a plurality of elongate members contprlslng the steps 
of: 

(a) provkJing a plurality of elongate members positioned substantially In parallel engagement with each 
other, 

(b) coating the exterior surfaces of each elongate member with a coating composed substantially of 
solids; 

(c) removing any excess coating from desired portions of each elongate member; and 

(d) curing saM coating to adhere saki coating to said elongate member, saki curing Including rapid heat- 
ing and rapid cooling of said elongate numbers and said coating, 

A msthod as defined in claim 1 , wherein said curing of step (d) includes creating voids within said coating 
to reduce the shear strength of the coating. 

3. A method as defined in daim 1 or 2, wherein said curing of step (d) Includes heating to a temperature of 
between 650* and 650»F (293 and 349*0) within 1 to 12 seconds and cooling provided Immediately for 

60 1 to 2 seconds. 

4. A nrtethod as defined In any preceding daim, wherein said curing of step (d) indudes adhering said elon- 
gate members together to form a continuous band of parallel elongate members. 

55 5. A method as defined In any preceding daim, including step (c). forming said band of adhered elongate 
members Into fastener strips. 

6. A method as defined In any one of the preceding claims, wherein saM coating of step (b) Is provided eleo- 
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trostatically. 

A method as defined In any one of the preceding clainis, Including, before step (b), separating said wires 
into pre-determined parallel positions with respect to each other and. after step (b), merging said wires 
together so they are positioned substantially In parallel engagement with each other. 

A method as defined In any one of the preceding claims, Including arranging said steps (a) to (c) to provide 
an in line continuous process, providing substantially continuous wires and continuously moving said wires 
between said steps (a) to (c). 

A method as defined in any preceding daim, wherein said curing of step (d) includes heating said coated 
wires to a pre-determined temperature and subsequent cooling and is virtually free of solvent emissions. 
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Fig. 7 
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Fig. 14 




Fig. 15 
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